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Results: Data of measured depth activity distributions were 
prepared using the measured depth activity data. Activity 
pencil beam kernels needed for the APB algorithm were 
constructed using the data of measured depth activity 
distributions and calculations in lateral direction. Gaussian 
form was used for the lateral distribution data to take the 
effect of multiple Coulomb scattering into consideration. 
 
Conclusion: A method of obtaining the depth activity 
distributions and the APB algorithm were developed. The 
simulation system with the APB algorithm can be used in 
clinical proton therapy. 
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Purpose or Objective: To improve precision of particle 
therapy, in vivo range verification is highly desirable. 
Methods based on prompt gamma rays emitted during 
treatment seem promising but have not yet been applied 
clinically. Here we report on the translational 
implementation as well as the worldwide first clinical 
application of prompt gamma imaging (PGI) based range 
verification. 
 
Material and Methods: Focused on the goal of translating a 
knife-edge shaped slit camera prototype into clinical 
operation, we first systematically addressed remaining 
challenges and questions. A robust energy calibration routine 
and corresponding quality assurance protocols were 
developed. Furthermore, the positioning accuracy of the 
system was determined. The slit camera, intentionally 
developed for pencil beam scanning, was applied for double 
scattered (DS) proton beams. Systematic phantom 
experiments with increasing complexity have been 
performed.  
In the next step, the knife-edge shaped slit camera was 
applied clinically to measure the spatial prompt gamma ray 
distribution during a proton treatment of a head and neck 
tumor for seven consecutive fractions. Inter-fractional 
variations of the prompt gamma profile were evaluated. For 
three fractions in-room control CTs were acquired and 
evaluated for dose relevant changes. 
 
Results: In translational phantom experiments it was shown 
that proton range shifts can be visualized with the camera 
system for DS proton irradiation, proving its applicability 
under conditions of increased neutron background. Moreover, 
prompt gamma profiles for single iso-energy layers were 
extracted by synchronizing time resolved measurements to 
the rotation of the range modulator wheel of the DS 
treatment system. Furthermore, the position precision of the 
slit camera has been determined to provisionally be 1.1 mm 
(2σ).  
With this preparatory work, the first clinical application of 
the PGI slit camera was successful. Based on the PGI 
information, inter-fractional global range variations were in 
the range of ±2 mm for all evaluated fractions. The results of 
the iso-energy layer resolved prompt gamma profile analysis 
were in consistence with the sum profile analysis. Also the 
control CT based dose reconstruction revealed negligible 
range variations of about 1.5 mm. No influence of DVH 
parameters for target volume and organs at risk was found. 
 
 
 
Conclusion: This work demonstrates for the first time that 
prompt gamma ray based range verification can be applied 
for clinical treatment of patients. Further plans include the 
continuation of the clinical study to perform systematic 
evaluations based on an appropriate patient number. With 
the translation from basic physics experiments into clinical 
operation, the authors are confident that a prompt-gamma 
ray based technology is capable of range verification and can 
be used in the near future for online quality assurance as 
well as in midterm for potential margin reduction. 
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Purpose or Objective: The importance of MRI steadily 
increases in radiation oncology not only as multimodality 
imaging device but also as an implemented online imaging 
